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ABSTRACT
Two local outbreaks caused by serogroup B
Neisseria meningitidis occurred in the Athens area
of Greece during 2003. In total, 30 N. meningitidis
isolates from patients and carriers, as well as
sporadic cases, were investigated by conventional
techniques (serogroup, serotype and serosub-
type), multilocus sequence typing (MLST), analy-
sis of variable number tandem repeats (VNTR)
and random ampliﬁed polymorphic DNA
(RAPD) analysis. Compared with the two other
molecular techniques, VNTR analysis was a sim-
ple, reliable and highly discriminatory method for
ﬁne typing of meningococcal isolates, showing a
good correlation with the epidemiological data
for the two outbreaks analysed.
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Meningococcal disease remains an important
public health problem worldwide. For many
years, epidemiological investigations of outbreaks
of disease caused by Neisseria meningitidis have
relied on the serological characterisation of iso-
lates [1,2], although serological typing exhibits a
number of ﬂaws [1]. Application of multilocus
sequence typing (MLST) as a molecular subtyping
method for the characterisation of isolates from
cases of invasive meningococcal disease (IMD)
has also provided useful information for deter-
mining whether a group of cases represents an
outbreak, or simply a change in the incidence of
sporadic cases. Although MLST is now consid-
ered to be the reference standard for epidemio-
logical studies, and provides a powerful resource
for studying the global epidemiology of men-
ingococci [3], it does not necessarily provide the
discrimination required for ﬁne typing of some
clonal groups of N. meningitidis [4].
Short variable number tandem repeats (VNTRs)
in coding or promoter areas of genes have been
recognised as an important mechanism for con-
trolling the expression of meningococcal surface
antigens [5,6]. Previous studies by Yazdankhah
et al. [7,8] have shown that VNTR analysis can be
used for ﬁne typing of meningococcal isolates
belonging to the same clonal complex, with genetic
polymorphism within the sequence type (ST) ST-
11 and ST-162 complex ofN. meningitidis revealing
that they are quite heterogeneous. As ST-162, ST-32
and closely related STs predominate among both
disease-associated and carrier isolates in Greece
[9], the present study aimed to investigate the
potential of the existing conventional and molecu-
lar techniques for the identiﬁcation of outbreak-
associated isolates. In total, 30 meningococcal
isolates (Table 1), from two local outbreaks during
2003, were examined by conventional (serogroup,
serotype, serosubtype) and molecular methods,
including MLST, VNTR and random ampliﬁed
polymorphic DNA (RAPD) analysis.
Local outbreak 1. Three meningococcal isolates
were recovered from the cerebrospinal ﬂuid (CSF)
of three patients, aged 6 years, with IMD who
attended the same kindergarten class in Athens,
while seven isolates were from carriers attending
the same establishment.
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Local outbreak 2. Two meningococcal isolates
were recovered from the CSF of two patients, aged
15 and 16 years, respectively, who attended a high
school in the Athens area during the same year.
Sporadic cases. Sporadic meningococcal isolates
with the same phenotypic and genotypic charac-
teristics as those from outbreak 1 (B:4:P1.14,
ST-162) (ten isolates) and outbreak 2 (B:15:P1.7,
ST-32) (eight isolates), obtained from patients
during 2003, were also included in the study.
Methods for culture, isolation, identiﬁcation,
phenotypic characterisation and MLST analysis
have been described previously [3,10–13]. Meth-
odological development of VNTR for N. menin-
gitidis has also been described previously [7]. The
results obtained were analysed using the
BioNumerics software package (Applied Maths,
Sint-Martens-Latem, Belgium) to construct a
dendrogram by the UPGMA method (using the
Dice coefﬁcient similarity and cluster analysis,
with a position tolerance of 1%). RAPD-PCR was
performed in a 50-lL reaction volume containing
400 mM dNTPs, 1.5 mM MgCl2, 2.5 U Taq DNA
polymerase, 1 · PCR buffer (ABgene, Epsom,
Surrey, UK), 8 lM primer USS [14], 4 lM primer
1281 [15], and 1 lL of a boiled supernatant of the
bacterial suspension [7]. Ampliﬁcation comprised
94C for 5 min, followed by 40 cycles of 94C for
2 min, 42C for 1 min for primer 1281 (37C for
primer USS), and 72C for 2 min, followed by
72C for 5 min. The PCR products were electro-
phoresed on an agarose 2% w ⁄ v gel and stained
with ethidium bromide.
Among the ten meningococcal isolates from
local outbreak 1, seven had the same phenotypic
(B:4:P1.14) and genotypic (ST 162) pattern,
namely three isolates from patients (AP1, AP2,
AP3) and four isolates (AC1-AC4) from carriers
(Table 1), while three isolates (AC5-AC7) from
carriers had different characteristics (NG:NT:P1.6,
ST 1136). The two meningococcal isolates from
local outbreak 2 had the same characteristics
(B:15:P1.7, ST 32). Carriage studies were not
possible for this outbreak because early chemo-
prophylactic measures had been implemented.
VNTR analysis revealed that all seven isolates
from patients (AP1, AP2 and AP3) and carriers
(AC1-AC4) in local outbreak 1 belonging to the
ST-162 complex were also identical by VNTR
analysis. The remaining three isolates from carri-
ers (AC5, AC6, AC7) also had identical VNTR
patterns. In contrast, VNTR analysis divided the
ten isolates from sporadic cases into nine VNTR
types, while MLST assigned these isolates to a
single sequence type (ST-162). For local outbreak
2, the two isolates (W960 and W961) had the same
VNTR pattern, while the remaining eight isolates
from sporadic cases had seven different VNTR
patterns.
Results of RAPD analysis were in partial
agreement with the VNTR analysis. All three
patient isolates from local outbreak 1 had the
same RAPD pattern with both primers, as did two
isolates from carriers (AC-3, AC-4). In contrast,
among the carrier isolates, AC1 and AC2 showed
different RAPD patterns with primer 1281, as did
AC2 with primer USS. Although carrier isolates
AC5, AC6 and AC7 showed identical VNTR and
primer 1281 patterns, they showed three different
proﬁles with primer USS. In total, of the 20
isolates belonging to ST-162, eight and nine
different phylogenetic groups were observed with
primers USS and 1281, respectively.
Five RAPD patterns were obtained for the ten
isolates belonging to the ST-32 complex. Although
both meningococcal isolates from outbreak 2
yielded the same pattern with primer 1281, they
showed only 90% similarity when tested with
primer USS.
It has been demonstrated previously that VNTR
typing is capable of distinguishing among men-
ingococcal isolates belonging to the ST-32, ST-11
and ST-162 complexes [7,8]. The present results
show that VNTR analysis can distinguish out-
break-associated isolates from sporadic cases
belonging to the same ST complex. Excellent
correlation was observed between the epidemio-
Table 1. Phenotypic and genotypic data for Neisseria
meningitidis isolates from patients and carriers in two local
outbreaks and from sporadic cases
Isolate no. Phenotype ST
AP1, AP2, AP3 B:4:P1.14a 162
AC1, AC2, AC3, AC4 B:4:P1.14b 162
AC5, AC6, AC7 NG:NT:P1.6b 1136
AK-158, W-216, AK-721 B:4:P1.14c 162
W-188, AK-188, W-634
BM-281, BM-273, AK-518
AK-832
W-960, W-961 B:15:P1.7d 32
W-551, TH-163, AK-363 B:15:P1.7e 32
W-369, BM-615, W-189
BM-167, BM-295
aIsolates from patients in local outbreak 1.
bIsolates from carriers in local outbreak 1.
cIsolates from sporadic cases in the same period as local outbreak 1.
dIsolates from patients in local outbreak 2.
eIsolates from sporadic cases in the same period as local outbreak 2.
ST, sequence type.
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logical data and the VNTR results, and the overall
analysis suggests strongly that VNTR patterns are
typical for the isolates most likely to be part of the
same outbreak. All three patient isolates from
outbreak 1 were deﬁned epidemiologically as
being outbreak-related. In addition, four isolates
from close contacts were related to the above cases
on the basis of their VNTR pattern. The VNTR
method has the potential for providing further
information to enable differentiation of meningo-
coccal isolates that are identical by MLST. In
addition, the methodology is rapid and reliable for
identiﬁcation of local outbreaks. In contrast,
RAPD analysis did not allow complete differenti-
ation among outbreak-associated and sporadic
isolates but, by being inclusive rather than exclu-
sive, it provides support for determining the
potential association of an isolate with an out-
break.
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